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Racemate Bupivacaifie7|Z-5-2|2 93t A 2nlE 1y 9] AR e|21S 2ARISI Kromasif 7]2a7gd 4ol 2%
olEakxAl A2 n-hexane/2-propanol/acetic acid/triethylamine, 99/1/0.3/0.05(valga)}. o154 434341 2-propanol
9] Fan7} S71EE AR =7t Al TAaE I o8t A3 FollA] wEo R EAISRE triethylamine] &
7V 939 sharpnesd S71skal 2FAIRE AA] ZHA439le. B8, acetic acidh $1.o.W, A ZvkE a9 Fekisto] &
7Fsatolom 3] 0.3%lA LEl=rt 7P Es EIE 5 QlQl). ek, 71 o)oRE S giRRE e ES Skl SMB
(simulated moving bef)ZvFE 7#3] A|AEN(Z7 1.0 cmx10 cmx@] Z e s A0 HA R 21 HAkeAlel s
Tl om, o5 Ag oz It 71 A} switching time 15, feed®] 75 0.1 ml/min, desorbent 0.86 ml/min, raffinate
0.3 mi/min, extract 0.66 ml/min, recycle 1.0 mi/Rin= 100%<5<2] R-form}t S-forme S = lglem, Adx|9} HAk
BARARES] e xh= F29 uiSict.

Abstract — The chiral separation of racemate Bupivacaine was carried out to find the optimum condition for chromato-
graphic system. The optimum species and composition for mobile phase were n-hexane/2-propanol/acetic acid/triethylamine,
99/1/0.3/0.05(vol.%) in case Kromdsithiral stationary phase was employed. The retention time and resolution decreased
with the increase in the ratio of 2-propanol in the mobile phase. The sharpness of peak and retention time decreased, as the co
tent of triethylamine increased. Without the existence of acetic acid, the chromatographic separation didn’t occur, and the res
olution was the highest at the acetic acid volume ratio of 0.3%. The optimum condition of SMB (simulated moving bed) was
determined by simulation and its results was compared with exprimental data from lab-scale SMB (10 mm IDx8 ea). Based on
the SMB simulation and experimental results, 100% purity of R and S Bupivacaine were obtained and the error between the
calculated and experimental value was within  2%.
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Sltk oo E&2Ql 718 1739 /e Felo | dAE FElehe
2118 ImnkE T 28-S SXIAAYTH2]. =58 Fste) A
AE et batchI=rkE 77 e] WR-& Fabr] flste] A=
MNae] Azt T8y 3743¢l SMB(simulated moving beg) &
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Fig. 1. Structure of bupivacaine.
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I 7S T v bRk 2] #he A &, 4 (4)E o]
F3lo] FEAE ARSI At §E543 A33kE v wsko]
UABHEE REEANRES Bato] w/HS baks AATH10]. ke A
Slzpol}, o] 3t 42842 SMB HAMRALZ Z el Aspen
chromatograptsfl 2]l <=3)5}3ic).

3. 413 R 2

3-1. Alef A Fx{2| Hiy

FatiE2<] Bupivacaine hydrochloride, [1-butyl-N-(2,6-dimethylphenyl)-
2-piperidinecarboxiamidé€} S-Bupivacaing€- Sigma Aldrich}-2] A&
S A}g3IgITE A 8 Al 1= hydrochloridé #171817] <4l sodium-
hydrocarbonate(Kanto Chemical Co., 18¢.)methylene chloride(Baker
analyzet® HPLC reagent), water(Baker analyZ2t#iPLC reagenff A+
2319t} Ao AL&3E o] 54} gull= hexane(95% n-hexane Baker
analyzed® HPLC reagent), 2-propanol(Baker analyZedPLC reagent),
acetic acid(Baker analyz&JHPLC reagent), triethylamine(99.5% Aldrich
Chem. Co9lt}.

JzrpE T o]Fel A8k S8l AR vt 2
A Al o3 &), 55473 AdE-2] 2kAlw] Bupivacaing
71 $]3l Bupivacaine hydrochloride 3 g3} sodium-hydrocarbonate
2N DCM(methylene chlorideg 2 ml ¥]-&=2 F1|sic), o], 3}
3} Ae9] sodium-hydrocarbonaie 33+ 7% & 100 miz sodium-
hydrocarbonatg 7 P)’d0.% do] FHeiint. A% Al5E 1]
© DCMel A =52lth. Al57t ¢hds] DCMe]l 52 3= FHle
3} sodium-hydrocarbonatg—g-4S Yol & 3, F A7l Edxido]
FolsleR 181t 5] ot st Aol o] 7 Ak vlFA}
2 Qlaf) A7) E wj7kA] ol Fr}, o] wj £25=3F AJ4-2] Bupivacaine
< DCMAoll £A8FaL 552! hydrochloridé= 3}3¥3} sodium-
hydorcarbonate=g-o8e]] ZA|3kA] Ft}. v)Zo] A& 07 =2 DCM
= WEZAGE o] gste] FFgth 33 DCM &85 a7
evaporatol ©]-8-sto] $LAXIT), o] wj A AR S Bol AFe] A}
g3t

3-2. A 3 Sz 2l 3=nETs | 22

B A3o] Abgd 7|2 gAE Kromasi® CHI-TBB(Eka Chem.,
Swederd|™ O,0-bis(4-tert-butylbenzoyl) -N,N-diallyl-L- tartar diamide
9] 71% monomer} silicee] A3 A0 742 10um, AlF=71=
100 Aelt}. HPLC Z48- Kromasi® CHI-TBBE 7o) 1 cm,do)7}
10 cn®l stainless-ste€dtH (Alltech)el] &27] 27Jsto] ARE-81%ITt. 2
7 BAS F487] Y93 4223 slurry packer(Alltlech model 1666)
& ARg3loleh. Kromasif® CHI-TBBS &=ele] AElE whse] 7] §
3+ 423 methanol(ChromAR HPLC)S: AME-3I3 0w &eje|= &
2kak7] 213l sonicateE AHE-SIATE o] W F Lol S 7lek]
213t gl 2= methanol/aceton [50/50, viv%]A+&-5131T}. Kromasif®
CHI-TBBS EX13817] $1%F 2x+= methanol 20 n] Kromasil® CHI-
TBB 3.3gS Y1l sonicatoE AHg-sto] 30% JE AMAIZl & SSI
reservoit] Y=t} 18] 1 air regulatoB ©]-8-51 air pressurg 60 psi
A TR F 71E ] s 1 Atolell 7,000 psthAl F7kst
] Kromasil® CHI-TBBS Z#ell Fxa5itt. 24 F%12] 8212 ss|
reservoif] 5317} 20 mp| =2 FH % Z4S F8) vjEEE methanol
9] #-3]7} SSI reservoir?-# 2] Faf o] FeiubskE Wl 7189
dHE FoFa H7) 2 SSI reservoie waliste] Ao HE
FASHTHLL. APl AHEE A3 4AE 138 Z(Young-Lin®

spectrometer(Young-LFiM720), data aquisition(Young-L% Autochrowin)
°2 o]FoA ut. FEEE B2 UV detectorlr] HESH F o]
B 25 dAdEo] BEoA PCE HolEE Adslo] peake] HZ 3}
0], retention timez= B T WA SIS 2ol Fale}
slom Zee A3S Al&e] A el olF wizkA] o gk
71 o5 o2 Ao a1 oF 3087 2% & ARESISIT). o) E e
S5 2EsP] fl8) olside] = 0.5, 1.0, 1.5, 2.0, 2.5, 3.0(ml/
min)E WSIAI7]HA] AE sl A82] T2 FAPIE ARE-sto]
AE FEE 5, 10, 200) = HFOlFHA FRelel] WslE o 7}
AJH-0] g=rPE TS Ad9lom UV detectior 240 nnP 2 1174313
Th B ARE AdellA deisict.

o] Ao 1Ao7 ALREE KromasiPS ©]F40] n-hexane,
tert-butylmethyl ethe} 22 BS80S F2 ARSIt 1 9jof i
Z T8-S Ho)7] 98l acetic acid, triethylaming 2> 7117} A%
AREET). Eefstalz) sk E4lo] ehAn] Bupivacaingl 22 ¢1714d
=212 749 acetic acid 0.1-0.2(vol.9%68 7Y, acetic acid 0.1-0.2
(vol.%)2} triethylamine 0.1(vol.9@ = <3 AE= o5 gl H7lsth
= w0 it} webA ol EAke AL 7]E A 07 n-hexane, 2-
propanol, acetic acid, triethylamitleAd&A|2 a1t}

3-3. SMB 23

Fig. 21/ X3= vk} Zo] SMB lab-unit= 2+ zone] 27l Zo
Z o]FolR 2-2-2-27J 2 F KromasilRE HPLCZ# 2} U8
o= &¥e] B7E UE 1cem, 4] 10 cnl HPLGE 2+ 871, Valco
Ate] HEIEAA W 57, A= wE g7, g-uljo]E 2 (Yong-Lin
MO25) 4, vlEfE WH, HeE u e Ase] gl gt HE A
A B = YAl R)7) WS 4= QTR AFE TR R A
oJ3isirt.
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L @34 Hof, HE]¥AA B E F3l recycled §vlie} &
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A iBee] of guljo] T8 Fato] thy Ao R olgelRE 1tk
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lje]) wel A7dsh ARg-sh A =E ] Fujgbele 3,000 pstEE &
HsHz ] ke #Hoilo] 3,000 psplstellA slierRt sict. Raffinate
9} extractll FERS 23k oF 1507 F = & SMB Al2El0] ¢4
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1 mlimin, 7=l 2338190t
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Fig. 2. Schematic diagram of SMBprocess.
250 700
—=— S-Bupivacaine Hexane/2-propanol/acetic acid/triethylamine
—— Racemic Bupivacaine ---=--= 97/3/0.3/0.05 [vol.%]
600 = 99/1/0.3/0.05 [vol.%]
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Fig. 3. Chromatograms of racemic bupivacaine and S-Bupivacaindnjec-

tion concentration of 15 mg/ml in hexane/2-propano(92/8, vol%).
Injection volume of 5Spl.

L& Alg-3to] A8 31t} Bupivacaing hexane/2-propanol(92/8,
vol.%pl 504 Eelghs w] thE gujlo] vlEl £ SalEE Rl
2 A3kt AlE8vE A=k 2Av] Bupivacaing: 2]t A%
vl 73he A 5= 7)e] 1= 5 2RAv] Bupivacaing] S-enantiomet
R-enantiome® 31| #1814 Y%= 15 mg/ml, 7Y 202
3tal =73k S-Bupivacaing Tste] A3E siglth 1 A3 Fig. 3

A B 47 Q150 F v 5 BeAIRE 520k ¢15]= v]=17} S-enantiomer

Time (sec)
Fig. 4. Chromatograms with various mobile phase compositions. Inje
tion concentration of 5 mg/ml. Injection volume of 2Qul.
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Fig. 5. Chromatograms with various compositions of triethylamine. Injec-
tion concentration of 5 mg/ml. Injection volume of 2Qul.
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e Be Az elslo] 99/1(vol.%e A3t

-8 714191 acetic acidl triethylaming] 9k W3iA T, WA
Fig. 5= hexane/2-propanol/acetic agjdz*J-S- 99/1/0.3(vol.%E <%
3HA| 3tz F7HAIR] triethylaming] <& 0, 0.05, 0.1, 0.25(vol.%) ¥
FAA AFAIZES LolESIT) Triethylaming] o] Z718k-2 1]
9] sharpnes§ Z71stal AFARIE Fob)= A3s B

& okE H7HAIRL acetic acid] F-T]R1E 0.1%, 0.2%, 0.3%, 0.4%
A kA slo] Agst §E340] Fig. el Ll itk Acetic acidt
Sl Aol 3] 27t B3R et 1 ofo] SIS el &
7fsto] ujulzt 0.39%1 ol=3ks o el P Al L FRE 2

0.4
Hexane/2-propanol/acetic acid/triethylamine
—=—99/1/0.0/0.05 [vdl. %]
--=---99/1/0.1/0.05 [vdl. %]
99/1/0.2/0.05 [vd. %]
99/1/0.3/0.05 [vdl. %]
0.3 1 l 99/1/0.4/0.05 [val. %]
—~ J
Z
Z
‘B 0.2 -
=
[}
=
=
o
0.1 4
0.0 L S S
3 6 9 12 15 18

Time (min)
Fig. 6. Chromatograms with various compositions of acetic acid. Injec-
tion concentration of 5 mg/ml. Injection volume of 2Qul.
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Fig. 8. Elution profiles of Bupivacaine. Injection volume of 2Qul.
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Fig. 10. Chromatogram of Bupivacaine extract (a) and raffinate (b) at 11th cycle.

Table 1. SMB operating conditions and purities of extract and raffinate by
considering intra particle porosity

Conditions Results

t" (min) 10 Purity(%)

Feed (ml/min) 0.1 Predicted  Experimental
Desorbent (ml/min) 0.86 Extract 47.58 57.58
Raffinate (ml/min) 0.3

Extract (ml/min) 0.66 Raffinate 9.3 9.3
Recycle (ml/min) 1.0

Feed concentration of 1.5 mg/ml

Table 2. SMB operating conditions and purities of extract and raffinate
without considering intra particle porosity

Conditions Results
t" (min) 15 Purity(%)
Feed (ml/min) 0.1 Predicted Experimental
Desorbent (ml/min)  0.86 Extract 98.66 100
Raffinate (ml/min) 0.3
Extract (ml/min) 0.66 Raffinate 99.29 100

Recycle (ml/min) 1.0
Feed concentration of 1.5 mg/ml.
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